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Methods
A detailed description of the methods is available in the online-only Data Supplement. 
Animals

Animal experiments
Mixed bone marrow chimeras were generated by lethally irradiating 8 weeks old male Ldlr -/mice and reconstituting with a 50:50 mixture of Csf2 -/with WT (Controls) and MT bone marrow cells (IRA B KO), or with CD45.1 + , Myd88 -/and Csf2rb -/bone marrow. For adoptive transfer studies 25 x 10 6 CD19 + B cells from WT and Csf2 -/mice, respectively, were injected intravenously twice per mouse, 4 weeks apart.
Histology
Murine aortas and spleens were embedded in Tissue-Tek O.C.T compound (Sakura Finetek) for sectioning and staining. Human spleen samples were fixed in 10% formalin and embedded in paraffin for histologic sectioning and staining. Reverse transcription PCR. RNA was isolated from sorted cells with the RNeasy Micro Kit (Qiagen) and from snap-frozen aortas and spleens with the RNeasy Mini Kit (Qiagen).
Quantitative real-time TaqMan PCR was run on a 7500 PCR thermal cycler (Applied Biosystems).
Cell culture
Lineage-depleted bone marrow cells were co-cultured with equal numbers of IRA B cells and murine IL-4 (5000 U/ml) to generate dendritic cells. 1 x 10 4 IRA B cell generated bone marrow derived DC (BMDC) were loaded with 100 g/ml ovalbumin (OVA) or BSA and co-cultured with 5 x 10 4 labelled OT-II T cells over 4 days for flow cytometric assessment of proliferation.
CD4 + CD25 + T reg cells were sorted from IRA B KO and control mice and co-cultured with sorted CD45.1 + CD4 + CD25 -T conv cells at increasing dilutions on T cell-depleted and irradiated splenocytes loaded with 1 g/ml anti-CD3e. Suppression of T cell proliferation was assessed by flow cytometry after 3 days.
Statistics
Results are shown as mean ± SEM. The unpaired Student's t test was applied to evaluate differences between two study groups. One-way ANOVA with post-hoc Dunnett's multiple comparisons test was performed when comparing more than two groups. P-values of 0.05 and less denote significant changes.
Results
GM-CSF-producing IRA B cells expand in atherosclerosis
We Statistics by guest on April 12, 2017 http://circ.ahajournals.org/ Downloaded from /mice consuming a diet high in fat and cholesterol (HCD) contained a population of GM-CSFproducing cells. Most of these were IgM high B220 + CD23 low CD21 low CD138 high CD43 high VLA4 high IRA B cells, resembling IRA B cells generated by LPS stimulation (Figure 1A, Supplemental Figure 1A) , as originally described 11 . Immunofluorescence (IF) staining for GM-CSF revealed a population of GM-CSF-producing IgM + B cells in the marginal zone and red pulp of the spleen (Figure 1B) , a location where IRA B cells typically reside. Analysis of various organs showed preferential IRA B cell accumulation in the spleen, although the bone marrow and lymph nodes also harbored smaller IRA B cell populations ( Figure 1C) . IRA B cell numbers rose most dramatically and progressively in Apoe -/mice (Figure 1D) , a finding that agrees with the prevailing notion that Apoe -/mice display more severe inflammation and atherosclerosis than Ldlr -/mice. B cells accumulate in the aortic adventitia 20 , but we did not detect IRA B cells in the aorta, indicating that IRA B cells do not furnish lesional GM-CSF 21 Figure 1E ).
IRA B cells aggravate atherosclerosis
Determining the impact of IRA B cells on atherosclerosis required selective depletion of GM-CSF from B cells. To achieve this, we adapted the mixed chimeric strategy (Figure 2A) . Ldlr -/mice were lethally irradiated and reconstituted with a mixture of bone marrow cells from Csf2 -/-(i.e., GM-CSF -/-) and μMT mice (i.e., B cell-deficient). In the reconstituted animals, B cells were the only population completely lacking the capacity to produce GM-CSF because only Csf2 -/cells could give rise to B cells. As controls, we reconstituted Ldlr -/mice with bone marrow from Csf2 -/and WT mice, thus ensuring that differences between the groups -should After reconstitution, the animals consumed HCD for 10 weeks. GM-CSF expression in the spleen of IRA B KO mice was reduced by 70%, which shows a dominant role for IRA B cells as a source of GM-CSF in the spleen during atherosclerosis (Supplemental Fig 2E) . GM-CSF production by other leukocytes was similar between the groups (Supplemental Fig 2F) , as were body weights and plasma cholesterol levels (Supplemental Fig 3A) . The absence of IRA B marrow from Csf2 -/and WT mice, thus ensuring that Figure 2C, D) , diminished lipid-and macrophage-rich areas, and reduced numbers of CD4 T cells, but did not change the smooth muscle cell and collagen content. The changes in lesion size and macrophage content did not depend on circulating monocyte and neutrophil number (Supplemental Figure 3B) , as might be expected 9, 14 . Moreover, blood Ly-6C high monocytes expressed similar levels of CCR2, VLA4, and CD62L (Supplemental Figure 3C) , which argued against a defect in monocytes' capacity to accumulate.
IRA B cells promote the expansion of T H1 effector cells
Numerous studies have identified a role for CD4 T cells in atherosclerosis. Naive CD4 T cells can differentiate into various helper subsets exhibiting either protective or atherogenic Among effector T cells, IFN -producing T H1 cells augment atherosclerosis 2, 10, 22, 23 . We detected fewer IFN -producing T H1 cells in blood, spleen, and lymph nodes in IRA B KO mice compared to controls after 10 week HCD feeding (Figure 3C 24 . LDL also undergoes oxidation, which can mobilize T H1 responses via antigen presentation in the context of oxidative stress-related danger signals 25, 26 . T H1 cells contribute to isotype switching, and thus influence antigen-specific humoral immunity [27] [28] [29] . T cell-derived IFN , for example, induces IgG2a/c and dampens IgG1 production, whereas IL-4 has the opposite effect 30 Figure 3C ). Hence, as IRA B cell number rose in secondary lymphoid organs, so did the number of effector IFN -producing T H1 cells and concentration of antigen-specific, IFN -dependent IgG2c. That said, we reasoned that IRA B cells did not augment T cell numbers directly because T cells do not express the GM-CSF receptor 31 .
IRA B cells promote the generation of classical dendritic cells
Effector T cells arise in lymphoid organs when their T cell receptor (TCR) recognizes antigen on DC. In the context of specific secondary signals, antigen presented on MHCII can give rise to effector T H1 cells that expand, enter the circulation and tissue, and participate in immunity 32 .
Unlike T cells, DC and their precursors express the GM-CSF receptor, and might therefore be directly influenced by IRA B cells. To test this hypothesis, we enumerated DC in the spleen, where IRA B cells expand most prominently. Three populations of CD11c + MHCII + classical (c)DC were identifiable: CD11b + CD8 -CD103 -, CD11b -CD8 + CD103 -, and CD11b -CD8 + CD103 + (Figure 4A) . Before the onset of atherosclerosis, both mouse groups contained similar oxidation-specific epitopes remained unaffected (Supplemental Figure 3C 
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by guest on April 12, 2017 http://circ.ahajournals.org/ Downloaded from numbers of all three subsets, in agreement with the observation that GM-CSF does not affect the generation of splenic DC in the steady state 33, 34 . During inflammation and with increased GM-CSF, DC expand 33, 35 . Consequently, over the course of HCD consumption, control mice selectively increased the number of CD11b + cDC (Figure 4B) . In contrast, IRA B KO mice maintained their cDC numbers at steady state levels in the spleen (Figure 4B ) and lymph nodes ( Figure 4C) . Remarkably, not only did IRA B KO mice generate fewer cDC, but these cDC also To determine whether the changes in cDC subset and function depended on the direct interaction of GM-CSF with cDC, we reconstituted lethally irradiated Ldlr -/mice with a 50:50 mixture of bone marrow cells from CD45.1 + WT mice and CD45.2 + mice deficient in the common beta chain of the GM-CSF-receptor (Csf2rb -/-) , and placed them on HCD for 3 months ( Figure   4E ). Whereas the CD45.1/CD45.2 splenic cDC chimerism was ~50:50 among the CD8 + subset, chimerism was skewed towards the CD45.1 + WT cells (60:40) among CD11b + cDC, suggesting that Csf2rb -/cells were impaired in generating CD11b + cDC (Figure 4F ). This observation agrees with an earlier report that exogenous GM-CSF administration augmented the number of CD11b + but not CD8 + cDC in the spleen 36 . Moreover, IL-12p40 expression was lower in sorted Csf2rb -/-cDC compared to WT cDC (Figure 4G orchestrating pathways remain poorly understood 37 . This study reveals that IRA B cells can shape immunity in atherosclerosis. By expressing GM-CSF in microenvironments that support the production of mature DC, IRA B cells operate in a strategic location and deliver a potent signal that instructs the host to mount an adaptive-like immune response.
Transfer of GM-CSF-competent B cells aggravates atherosclerosis
In murine disease models that depend on antigen sensitization and challenge, such as rheumatoid arthritis, multiple sclerosis, and myocarditis, GM-CSF deficiency ameliorates disease [38] [39] [40] [41] Figure 4 and Supplemental Figure 5 describing the interaction between IRA B cells and Dendritic cells. Aim 5: To rescue the phenotype and thus link IRA B cells to the phenotype functionally. These data are shown in Figure 5 . Overall, the study used 235 mice. After generation of mixed chimeric mice, the blood leukocyte profile was analyzed and only animals that were reconstituted successfully were placed in the study. Typically ~93% of mixed chimeras were reconstituted and used in the study. The number of mice used in each experiment is indicated in the Figure legends. All mice admitted to the study survived the intended duration of the study. with IRA BLdlr-/-HCD cell-generated BMDC loaded with chicken ovalbumin (100µg/ml) or BSA (100µg/ ml) for 4 days. Representative histograms show cell divisions of CD4 + OT-II cells labeled with a cell tracer dye. 
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